
Introduction

Alzhe imer ' s  d i sease  (AD) ,  the  mos t  p reva len t  

neurodegenerative disorder, is characterized by the progressive 

deterioration of behavior, cognition and functionality, which 

significantly impairs daily living activities. According to most 

recent publications by the Alzheimer's Association around 5 

million people are suffering from AD in the United States and 

with this progress the number of AD patients will quadruple by 

the middle of the century (Maalouf et al., 2011).  Alzheimer's 

disease (AD) is the most common cause of dementia in the 

elderly (Korczyn et al., 2002). Later, progressive disorientation, 

memory loss, and aphasia become manifested, indicating sever 

cortical dysfunction (Tarawneh et al., 2012). Eventually in 5-10 

years, the affected individual becomes profoundly disable, 

mute, and immobile (Karishma et al., 2017). Most cases are 

sporadic, and although 5%-10% are familial cases, the study of 

such familial cases has provided important insight into the 

pathogenesis of the more common sporadic form (Qiu et al., 

2009). The combination of clinical assessment and modern 

radiological methods provides 80%-90% accuracy in the 

diagnosis of AD (Sabbagh et al.,  2017). The 

neuropathological characterstics of AD comprise "positive" 

lesions like amyloid plaques, neurofibrillary tangles and glial 

responses, and "negative" lesions like neuronal and synaptic 

loss. Clinicopathological evidences are necessary to create 

new hypotheses associated with disease pathogenesis, and 

establishing relationship between "normal" aging and AD 

dementia. There are evidences that the accumulation of 

amyloid plaque occurs primarily before the commencement 

of cognitive deficits, whereas the formation and deposition of 

neurofibrillary tangles, neuron loss, and principally synaptic 

loss occurs parallel with the progression of cognitive decline 

(Serrano-Pozo et al., 2011).

There are numerous connections between risk factors and 

development of neuroinflammation which involve many 

complex reactions and contribute to vascular compromise, 

oxidative stress and finally brain damage. Once this cascade 

of events is initiated, the process of neuroinflammation 

becomes activated, resulting in further cellular damage and 

loss of neuronal functions (Aschner et al., 2011). The 

immune response is triggered with several other stressors and 
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injury, with a few features likely to be neurotrophic and others 

neurotoxic in nature (Milatovic et al., 2004). The CNS is an 

immune privileged organ with the innate and acquired immune 

response being closely controlled in relation with the periphery 

(Carson et al., 2006). Evidence suggests that a strong 

inflammatory response in the periphery from systemic LPS (Li 

et al., 2018) or viral infections (Zhou et al.,2013) results in the 

subsequent infiltration of leukocytes from the periphery to the 

C N S  w i t h  c o n s e q u e n t  n e u r o i n f l a m m a t i o n  a n d  

neurodegeneration (Chen et al., 2016). It is reported that certain 

viruses are able to directly injure neurons by direct killing or 

inducing apoptosis, leading to neurodegeneration. 

Neuroinflammation includes several cellular responses and the 

underlying mechanisms which help us to understand the link 

between neuronal homeostasis and neurodegeneration. As a 

result, therapies are being designed to target the immune 

response in diseases such as multiple sclerosis, and other 

neurodegenerative diseases (Elmore et al., 2007). 

The neurodegeneration is characterized by the progressive loss 

of the structure and functions of neuronal materials, which lead 

to impaired motor and cognitive functions (Gao et al., 2008). 

While the causes associated with neuronal degeneration remain 

poorly understood, the incidence of neurodegeneration 

increases with age, in mid to late adult life (Carson et al 2006). 

This phenomenon, which primarily affects elderly individuals, 

occurs in neurodegenerative diseases like Alzheimer's disease 

[AD], Parkinson's disease [PD], multiple sclerosis [MS] and 

amyotrophic lateral sclerosis (ALS) following viral infections.

Pathogenesis in neurodegenerative diseases

Neuroinflammation involves a series of biochemical processes 

which are mediated by the nervous system in response to 

specific injury, infection or neurodegenerative diseases. It is a 

complex response to brain injury which involves the microglia 

activation, release of inflammatory mediators, such as cytokines 

and chemokines, and generation of reactive oxygen and nitrogen 

species. An offense is followed by the initial activation of 

microglia, which induce the release of pro-inflammatory 

mediators that alter the permeability of the BBB. The 

subsequent infiltration of peripheral leukocytes occurs inside of 

the CNS, including T cells and macrophages, which share 

several functional features with microglia including, the 

expression of toll-like receptors (TLRs), and consequently the 

ability to be activated by aggregated proteins or pathogen-

associated molecular patterns. Inflammatory mediators and 

activated microglia act as a driving force in the pathogenesis of 

Alzheimer's disease (AD) (DiSabato et al., 2016). 

In Alzheimer's disease, the activated microglia generates a non-

resolving immune response that fails to clear accumulating Aß 

peptides but accelerates neuronal and synaptic injury in the 

process. Neuroinflammation may also occur as a result of 

abnormal protein aggregation and formation of inclusions 

arising from mutations (i.e., α-synuclein) or disruption of 

the ubiquitin–proteasome system (UPS), immunologic 

challenges (bacterial or viral infections), neuronal injury 

(brain trauma or stroke), or other epigenetic factors (Takalo 

et al., 2013). Chronic inflammatory syndromes 

(rheumatoid arthritis, Crohn's disease, and multiple 

sclerosis) and environmental toxins (pesticides and 

particulate matter) are the most notable epigenetic factors 

which trigger neuroinflammation (Casella et al., 2015). 

Neuroinflammation is a complex host defence mechanism 

that isolates the damaged brain tissue from uninjured area, 

destroys injured cells, and repairs the extracellular matrix 

(Farooqui et al., 2007). Neuroinflammation is orchestrated 

by microglia and astrocytes to re-establish homeostasis in 

the brain after injury-mediated disequilibrium of normal 

physiology (Harry et al., 2008). 

Mediators in neuroinflammation

Microglial activation

Microglias are derived from embryonic hematopoietic cells 

in the yolk sac, which are seeded in brain during the fetal 

development. Microglia cells proliferate rapidly after birth 

and self-renew during adult life (Ginhoux et al., 2013). 

Microglia cells are phagocytic in nature and are 

predominantly present in the CNS. Microglia cells share a 

number of features with peripheral tissue macrophages and 

monocytes. Phagocytosis is the most important property of 

the CNS and is frequently used by the microglial cells in the 

modulation of neurotransmission by regulating the existing 

synaptic connections and thus maintaining the normal 

neurophysiology (Streit et al., 2004). Few of the major roles 

of microglia involve the regulation of synaptic plasticity 

and remodeling of neuronal circuits. Additionally, 

microglia cells guard the cerebral parenchyma against 

invading pathogens and thus contribute to homeostasis 

(Kim et al., 2013). This ability is facilitated by their 

numerous cytoplasmic extensions known as filopodia. 

Filopodia maintains close contact with neurons, 

perivascular cells, and astrocytes. They also contribute in 

neurogenesis, synaptogenesis and removal of cell debris 

resulting from apoptotic cell death (Miyamoto et al., 2016). 

Microglia actively surveys their environment through, and 

changes their cell morphology significantly in response to 

neural injury (Harry, 2013).

Whenever a brain injury occurs, microglial activation takes 

place with the aim of removing injurious stimuli. To this 

aim, activated cells undergo a series of morphological and 

functional changes and acquire a reactive phenotype (Donat 
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et al., 2013). Microglial activation may led to a series of 

neurological alternations like glial hypertrophy, astrocyte end 

feet retraction, and gain of amoeboid microglial structure. These 

changes may disturb neuronal homeostasis and cause synaptic 

dysfunction, , loss of neurovascular endothelial dysfunction

three-dimensional network and blood-brain barrier (BBB) 

hyperpermeability (DiSabato et al., 2016). In addition, reactive 

microglia release a wide range of proinflammatory mediators 

aimed at removing the primary injury. However, uncontrolled 

and prolonged activation goes beyond physiological control and 

results in neurodegeneration (Rosskothen-Kuhl et al., 2018).

Astrocytic activation

A little is known about the role of astrocytes ion the pathogenesis 

of AD. Astrocytes are one of the most common cells present in 

the brain and were considered to play a nutritive role and provide 

structural support for neurons. However, according to recent 

studies, astrocytes are known to play a multiple role in 

neurophysiology. Astrocytes are significantly involved in the 

neurotransmission (especially glutamatergic transmission). On 

sensing the neurotransmitter release, the astrocytes release their 

own signalling molecules (gliotransmitters) to communicate 

with the neighbouring neurons (Stehberg et al., 2012). 

Astrocytes are closely associated with the synapse and this 

quality has given rise to the term “tripartite” synapse to reveal 

the significance of glia in neurotransmission (Ota et al., 2013). 

Addit ionally,  astrocytes also associate with the 

cerebrovasculature through specific processes called endfeet. 

The astrocyte end feet is sheathed with intraparenchymal blood 

vessels and is responsible in the maintenance of ionic and 

osmotic homeostasis and gliovascular signaling. Also, 

astrocytes are in close contact with microglia cells with 

bidirectional signaling among them (Rajkowska et al., 2013). A 

number of stimuli are responsible for astrocytic activation and 

like microglial activation it also serves as an element of 

neurodegeneration. Astrocytes are known to underwent age 

related changes thus they may play a leading role is the 

pathogenesis of late-life neurodegenerative disorders such as 

AD (Sofroniew et al., 2010). Astrocytic activation increases the 

cytokine production and the release of signalling molecules that 

may affect the basic neurophysiology through (either directly or 

indirectly) microglial activation (Wang et al., 2015). NFkB-

activated astrocyte release of complement protein C3 is one of 

the major pathways in which C3aR is activated and induces 

neuronal damage. Thus, inhibition of NFkB signaling or 

neuronal C3aR may be beneficial in the treatment of AD (Lian et 

al., 2015). CD40 ligand is another astrocytic signaling molecule 

of interest. The binding of CD40 ligands to their respective 

receptors on microglial cells increases the production of tumor 

necrosis factor (TNF)-alpha. TNF-alpha is an important pro-

inflammatory mediator which plays a major role in the 

pathogenesis of AD (Kawabe et al., 2011).

Cytokines

The postmortem analysis of the AD brains has shown the 

accumulation of cytokines (IL-1β, IL-6 and TGF-β) around the 

amyloid plaques in the brain of AD patients. These findings 

directed the researchers to study and investigate the levels of 

inflammatory and anti-inflammatory cytokines in the cerebral 

spinal fluid (CSF) or serum of patients with mild cognitive 

impairment (MCI) or AD (Zheng et al., 2016). The levels of 

both proinflammatory (IL-1β, IL-6, TNF-α) and anti-

inflammatory cytokines (IL-1 receptor antagonist (IL-1ra), IL-

10) were found elevated in the CSF and plasma of AD patients. 

Cytokines are a broad category of small proteins that regulates 

inflammation, cell signaling, and various other cellular 

processes like growth and survival (Shaftel et al., 2008). 

Chemokines are subset of cytokines. Chemokines regulate cell 

migration, such as attracting immune cells to a site of infection 

or injury (Turner et al., 2014). Physiologically, chemokines are 

neuromodulators which control inflammation and neuronal 

development. In brain, cells secrete cytokines to create a local 

inflammatory environment to engage microglia and clear the 

infection or injury. But, in neuroinflammation, cells may have 

continued release of cytokines and chemokines that may 

compromise the blood–brain barrier. Peripheral immune cells 

are called to the site of injury via these cytokines and may now 

migrate across the compromised blood brain barrier into the 

brain (Ramesh et al., 2013). Common cytokines produced in 

response to brain injury include: interleukin-6 (IL-6), which is 

produced during astrogliosis, and interleukin-1 beta (IL-1β) 

and tumour necrosis factor alpha (TNF-α), which can induce 

neuronal cytotoxicity. Although the pro-inflammatory 

cytokines may cause cell death and secondary tissue damage, 

they are necessary to repair the damaged tissue. For example, 

TNF-α causes neurotoxicity at early stages of 

neuroinflammation, but contributes to tissue growth at later 

stages of inflammation (Khandelwal et al., 2011).

Prostaglandins

Increased levels of prostaglandins are found in the cerebral 

spinal fluid (CSF) and brain parenchyma of the AD patients 

(Cudaback et al., 2014). Prostaglandins are associated with 

the cognitive impairments in AD, thus may connect the link 

between neuroinflammation and cognitive decline in age-

related neurodegeneration (Simen et al., 2011). 

Prostaglandins are synthesized and released in response to 

inflammatory stimuli and then freely diffuse from cellular 

into the extracellular compartments. A family (SLCO2A1) 

of organic anion-transporting polypeptide (OATP2A1) 

transporter is involved in the clearance and recycling of 

extracellular prostaglandins (Hagenbuch et al., 2013). 

Prostaglandins act on their respective G protein-coupled 
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receptors (GPCRs) to induce an inflammatory response (Lei et 

al., 2012). PGE2 is one of the five prostaglandins that play a 

major role in the pathogenesis of AD (Johansson et al., 2015). 

PGE2 is synthesized by microsomal prostaglandin E synthase 

(mPGES), in the membrane and by cytosolic PGES (cPGES), in 

the cytosol (Nakano et al., 2015). Neuroinflammation is directly 

related with elevated brain levels of prostaglandins (PGs), 

principally PGE2, which plays a key role in the pathogenesis of 

numerous neurodegenerative disorders (Ricciotti et al., 2011). 

PGE2 signalling is mediated by interactions with four distinct G 

protein-coupled receptors, EP1–4, which are differentially 

expressed on neuronal and glial cells throughout the CNS 

(Cimino et al., 2008). In order to recognize the significance of 

various EP receptors in AD, several groups developed genetic 

mouse models of AD that lacked specific PGE2 receptor 

subtypes were studied and then the measured outcomes like 

cognitive decline, amyloid plaque deposition, proinflammatory 

cytokine expression, and oxidative stress were analyzed. A 

significant reduction in amyloid plaque deposition was observed 

in EP1 knockout mice expressing both the Swedish amyloid 

precursor protein (APP) and PS1 mutations that were identified 

in human familial AD. A significant reduction in the oxidative 

damage was observed in EP2 receptor knockout AD mice. 

Furthermore, EP2 receptor knockout AD mice were found to 

develop cognitive defects, suggesting an important role for EP2 

receptor signalling in normal cognitive functioning. EP2 

activation has been shown to mediate microglial-induced 

paracrine neurotoxicity, but its role also is dependent on the 

specific cell type in which EP2 signalling is activated. In 

neuroinflammation, elevated PGE2 and inflammatory mediators 

are also intrinsic characteristics of an aging brain. The role of the 

inflammatory cyclooxygenase-PGE  pathway in the 2

pathogenesis is highly critical. The cyclooxygenase-PGE  2

pathway regulates the inflammatory response to accumulating 

Aß peptides through E-prostanoid G-protein coupled receptors 

(Johansson et al., 2015). 

Neurodegenerative mechanisms

Misfolded proteins deposition

These involve the extracellular protein deposit in the cortex of 

AD patients (Murphy et al., 2010). The major protein in neuritic 

plaques is amyloid β- peptide (Aβ), which is a 40-42 amino acid 

peptide derived from a membrane protein, the β-amyloid 

precursor protein (APP) after sequential cleavage by enzymes. 

APP encoded by gene on chromosome 21. APP act together with 

extracellular matrix and promote the growth of neuritis in 

neuronal culture, its physiological role is likely related to the 

modulation of synaptic activity although still controversial. 

Genetic data implicates Aβ in the pathogenesis of Alzheimer's 

disease. Most of the patients with trisomy 21 (Down syndrome) 

develop pathologic changes indistinguishable from those 

seen in Alzheimer's disease, suggesting that having an 

increased copy of the APP gene increases the metabolism of 

APP to Aβ (Castro et al., 2017). Microtubules are proteins 

that are associated with the primary cytoskeletal 

components of the neurons. Tau protein is a microtubule 

associated protein normally located in the neuronal axon, 

where it physiologically facilitates the axonal transport by 

binding and stabilizing the microtubules (Patterson et al., 

1988). However, in certain pathological conditions like 

Alzheimer's disease, tau is translocated to the 

somatodenderitic compartment, where it undergoes 

hyperphosphoration, misfolding and aggregation giving 

rise to neurofibrillary tangles and neuropil threads. The 

accumulation of hyperphosphorylated Tau protein to such a 

toxic level cause the inhibition and breakdown of 

microtubule structures in neuron and further causes 

impairment in axonal transport. Tautopaties are the diseases 

associated with the abnormal accumulation of the Tau 

proteins (Simic et al., 2016).

Oxidative Stress and Lipid peroxidation

Oxygen is required for the normal functioning of 

eukaryotes. The role of oxygen is linked to its high redox 

potential that makes it an excellent oxidizing agent capable 

of accepting electrons easily from reduced substrates. On 

the basis of their metabolic needs, different tissues have 

different oxygen demand. Neurons and astrocytes, the two 

major types of brain cells, are largely responsible for the 

brain's massive consumption of O  and glucose; indeed, the 2

brain represents only ∼2% of the total body weight and yet 

accounts for more than 20% of the total consumption of 

oxygen (Gandhi et al., 2012). Despite the essentiality of 

oxygen for living organisms, the state of hyperoxia 

produces toxicity, including neurotoxicity (Ahdab-

Barmada et al., 1986). An imbalanced redox states may 

either generate excessive reactive oxygen species (ROS) or 

may cause dysfunction of the antioxidant system, thus 

creating oxidative stress (Devydov et al., 1988). Previous 

studies have demonstrated that oxidative stress plays a 

central role in a common pathophysiology of Alzheimer's 

disease (Kim et al., 2015). Brain is the most metabolically 

active organ in the human body and is highly vulnerable to 

the oxidative stress particularly because of the following 

mentioned reasons. First, the brain has a high oxygen 

demand, which constitutes 20% of the body oxygen 

consumption. Second, the redox-active metals such as iron 

or copper exist abundantly in the brain and they are actively 

involved to catalyze ROS formation. Third, the high levels 

of polyunsaturated fatty acids are found in the brain cell 

membranes and react as substrates for lipid peroxidation 
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(Wang et al., 2010). Fourth, there are relatively low levels of 

GSH in the brain, which plays a role of endogenous antioxidant 

in the elimination of ROS (Ferreira et al., 2015). 

The pathophysiology of AD is mainly associated with the 

extracellular deposition of amyloid beta (Aβ) plaques and the 

accumulation of intracellular tau neurofibrillary tangles (NFT) 
2+(Zuo et al., 2015). Aβ plaques may drain calcium ions (Ca ) 

storage in endoplasmic reticulum (ER) and may result in cytosolic 
2+Ca  overload (Querfurth et al., 2010). In response to increase 

2+levels of cytosolic Ca , endogenous GSH levels are reduced and 

ROS can accumulate inside the cells (Ferreiro et al., 2008).  ROS 

induced oxidative stress is an important factor in pathogenesis of 

AD as ROS overproduction is thought to play a critical role in the 

accumulation and deposition of Aβ in AD (Bonda et al., 2015). 

Mitochondrial dysfunction can lead to ROS overproduction, 
2+reduced production of adenosine triphosphate (ATP), altered Ca  

homeostasis, and excitotoxicity. All these alterations may be 

implicated in the progression of AD (Huang et al., 2016). Previous 

studies have implicated that Aβ-induced oxidative imbalance may 

increase the levels of the byproducts related to lipid peroxidation 

(e.g. 4-hydroxynonal, malonidialdehyde), protein oxidation (e.g. 

c a r b o n y l )  a n d  D N A / R N A o x i d a t i o n  ( e . g .  8 -

hydroxyldeoxyguanosine and 8-hydroxylguanosine). In contrast, 

decreased levels of antioxidants (e.g. uric acid, vitamin C and E) 

or antioxidant enzymes (e.g. superoxide dismutase, catalase etc.) 

have been found in patients with AD (Wang et al., 2014). Based on 

the hypothesis that oxidative stress is pathogenic in 

neurodegenerative disease, the rationale for the use of 

antioxidants as therapies is clear. Coenzyme Q10 is involved in 

the transfers electrons from complexes I and II to complex III in 

respiratory chain (Gandhi et al., 2012). As major antioxidant 

enzymes, superoxide dismutases (SODs) play a crucial role in 
-2 scavenging O (Zhao et al., 2013). The superoxide dismutase 

family is particularly involved in the elimination of superoxide 

anion radicals resulting from extracellular stimulants, ionizing 

radiation and oxidative insults, together with those primarily 

produced within the mitochondrial matrix as by-products of 

oxygen metabolism through the electron transport chain (Miao et 

al., 2009). Catalase is a ferriheme-containing enzyme that is 

responsible for the conversion of hydrogen peroxide (but not 

other peroxides) to water. Glutathione (GSH) is the most 

abundant small molecule, non-protein thiol (present in millimolar 

concentration in the brain). Glutathione peroxidase is the comman 

name for a family of many isozymes that catalyze the reduction of 

H O  or organic hydroperoxides to water or corresponding 2 2

alcohols using reduced glutathione (GSH) as an electron donor 

(H O  + 2 GSH → GS-SG + 2H O) (Dringen et al.,2003). Reduced 2 2 2

GSH react nonenzymatically with free radicals, notably 

superoxide radicals, hydroxyl radicals, nitric oxide, and carbon 

radicals for their removal. GSH peroxidase and GSH reductase 

can act enzymatically to remove H O  and maintain GSH in a 2 2

reduced state (Kim et al., 2015).

Lipid peroxidation occurs as a result of free radical-mediated 

injury that directly or indirectly damages plasma membranes by 

generating various secondary products, which possess 

neurotoxic activity. The brains of AD patients have 

demonstrated increased lipid peroxidation in comparison to age-

matched controls. Immunohistochemical and biochemical 

studies were performed to quantify and localise various 

lipidperoxidation products like 4-hydroxy-2-nonenal, acrolein, 

isoprostanes and neuroprostanes in AD brain samples. 

Cerebrospinal fluid (CSF) levels of isoprostanes were found to 

increase in the early dementia of AD and may act diagnostic 

biomarker of AD. Brain lipidperoxidation plays an important 

role in the pathogenesis of AD and may also act as a potential 

drug target in the treatment of AD (Montine et al., 2002).

Mitochondrial dysfunctioning

Aβ has been found to accumulate in the mitochondria of the 

post-mortem brains of the AD patients, brains of the living AD 

patients and the brains of transgenic AD mice. The presence of 

Aβ in the mitochondria even before the formation of amyloid 

plaques indicates that mitochondria are early targets for Aβ 

accumulation and may be the initiation of AD pathogenesis 

(Reddy et al., 2008). However the exact mechanism of Aβ 

neurotoxicity is still unknown. Recent studies have identified a 

proapoptotic protein that interact with APP and plays a major 

role in the pathogenesis of AD. This proapoptotic protein was 

named as appoptosin and was considered as a connecting link 

between APP interaction and neuronal apoptosis (O'brien et al., 

2011). Appoptosis is required in the transportation of glycine 

and 5-amino-levulinic acid (δ-ALA) across the mitochondria 

for heme synthesis. In order to maintain homeostasis and 

cellular integrity, it is essential to maintain a balance between 

free heme and protein-bound heme. The homeostatic 

disturbances occur when free heme levels increase. Increased 

free heme levels facilitate ROS production, destabilize 

mitochondrial cytoskeleton and finally results in faulty heme 

metabolism (Dufay et al., 2017). The intrinsic caspase-

dependent apoptosis is controlled by appoptosin through heme 

biosynthesis, thus making it one of the potential drug targets in 

the AD related therapeutics (Atamna et al., 2004).

Current therapeutical approaches in the treatment of 

neurodegenerative disease

A number of pharmaceutical compounds are in the market 

which has been used for their neuroprotective property. 

Neuroprotective drugs work by altering the neurotransmitters 

balance in the brain, improving cerebral blood flow, cerebral 

oxygen usage, metabolic rate and cerebral glucose metabolic 

rate in chronic impaired human brain function i.e., multi-
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infarct (stroke) dementia, senile dementia in AD and pseudo 

dementia, ischaemic cerebral (poor brain blood flow) infarcts. 

Few of the most commonly used compounds used in the treatment 

of neurodegenerative diseases are as follows:

Aminoacids

Dietary aminoacids provide large quantity of carbon and nitrogen 

to the body and play a significant role in neuronal signaling, 

energy production, and nitrogenous waste production and 

elimination. It is possible that aminoacid supplements may 

improve neural functioning in AD patients. The plasma levels of 

amino acids were found to be significantly low in AD patients. The 

bioavailability of individual amino acids and dipeptides is more 

superior to polypeptides since monomers are absorbed more 

quickly without the need for further enzymatic hydrolysis in the 

gut. The blood levels of both acidic (aspartate and glutamate) and 

basic (arginine, lysine, and histidine) amino acids were found to be 

significantly low in AD patients (Griffin et al., 2017). Glutamine 

supplementation is reported to decreases tau phosphorylation and 

has shown other neuroprotective effects in a mouse model of AD 

(Wang et al., 2015). L-theanine is commonly found in green tea 

and it effectively crosses BBB. L-theanine is reported to possess 

neuroprotective properties and is known to increase neurotrophic 

factor (BDNF) in brain (Kim et al., 2004).

Vitamins

Vitamins are efficient antioxidants and thus be used as an adjuvant 

in AD treatment (Bhatti et al., 2016). Vitamin A and beta 

carotenes play a significant role in neuronal development 

(Grune et al., 2010). The blood plasma and CSF levels of 

vitamin A were found to be significantly low in AD (Wildea et 

al., 2017). Vitamin E is one of the most frequently studied 

antioxidant therapy since it is the major scavenger of lipid 

peroxidation in brain; whereas, vitamin C acts as an 

intracellular reducing molecule. Furthermore, vitamin A and 

beta carotene hampers the formation and promote the 

destabilization of Aβ fibrils in AD (Ono et al., 2004). The 

plasma levels of vitamin B12 were found to be significantly 

low in AD patients. It is a well established fact that deficiency 

of vitamin B12 may exacerbate cognitive decline and 

dementia in AD patients. Dementia and cognitive decline were 

more predominant in AD patients with low plasma levels of 

vitamin B12 levels (Morris et al., 2006). The plasma levels of 

vitamin C were found to be significantly low in AD patients. 

Vitamin C has potential to prevent the oligomerization of Aβ 

peptides and can impede the structural progression of AD. 

Vitamin C Supplementation improves the brain levels of SOD 

and thus may helps in lowering the oxidative stress and 

resultant brain injury (Monacelli et al., 2017). Vitamin E 

comprises a group of 8 antioxidants (4 tocotrienols and 4 

tocopherols). The decreased plasma levels of vitamin E are 

reported in AD patients. Low plasma levels of vitamin E are 

associated with Mild Cognitive Impairment (MCI) in AD (Sen 
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Figure 1. Different inflammatory mediators (pentraxins, prostaglandins, anaphylotoxins, cytokines, chemokines, complement 

components, proteases, protease inhibitors, adhesion molecules, and free radicals) and neurodegenerative factors (Abnormal 

protein aggregation, microglial activation, oxidative stress, lipid peroxidation, impaired ubiquitin protease system (UPS), 

mitochondrial dysfunctioning, exposure to neurotoxins, brain trauma.) that may precipitate neurodegenerative diseases.
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et al., 2006). The plasma levels of 5-nitro-γ-tocopherol (one of the 

vitamin E degradation products) were found to be significantly high 

in patients with Mild Cognitive Impairment (MCI) in AD 

(Mangialasche et al., 2012). Long term vitamin E deficiency may 

lead to neurodegeneration in late life. Vitamin E is a potent 

antioxidant and hampers the AD progression at many levels. Free 

radicals facilitate the formation of Aβ plaque and thus play a major 

role in the AD pathogenesis (Boccardi et al., 2016). Vitamin E is a 

free radical scavenger and thus provides neuroprotection against 

oxidative stree induced neuronal injury (Duval et al., 1995). 

Vitamin E consumption is reported to increase the SOD levels in 

brain (Gugliandolo et al., 2017). Among the different forms of 

vitamin E, α-tocopherols and γ-tocopherols provide greater degree 

of neuroprotection against and cognitive decline in AD (Morris et 

al., 2015). Vitamin E appears to neutralize the effect of peroxide and 

prevent lipid per oxidation in membranes (Traber et al., 2007).

Flavanoids

Flavanoids is a group of natural substances with a phenolic 

structure. Flavanoids are present in fruits, vegetables, grains, bark, 

roots, stems, flowers, tea and wine. Flavanoids are well known for 

their beneficial effects on health. Flavanoids are known for their 

anti-oxidative, anti-inflammatory, anti-mutagenic and anti-

carcinogenic properties. Flavanoids are free radicals scavengers 

and may prevent ROS induced neuronal injury (Panche et al., 

2016). Flavanoids are easily oxidized by free radicals are form 

more stable and less reactive product (Pietta, 2000). Flavanoids 

are known to inhibit several enzymes like aldose reductase, 

xanthine oxidase (Lin et al., 2015), phosphodiesterase (Ko et al., 
2+2004), Ca  ATPase (Ogunbayo et al., 2008), lipoxygenase (Sadik 

et al., 2003) and COX (Ribeiro et al., 2015) in preventing 

neurodegenerative diseases. Flavanoids like quercetin, rutin, 

kaempferol 3-O-β-D-galactoside and macluraxanthone are 

reported to possess anti-cholinesterase activity (Panche et al., 

2016). Fisetin is a commonly present flavanoid in strawberries 

and is used as a memory boosting supplement for AD patients 

(Khan et al., 2013).

Nootropics

Nootropics are smart drugs are may also be described as medical 

drugs and nutritional supplements that have a positive effect on 

brain function. Natural nootropics are known to reduce 

neuroinflammation. Nootropic supplementation protects the brain 

against toxins and minimise neurodegeneration. Nootropics are 

known to play an important role in neurogenesis. Nootropic 

improves the thinking and memory abilities by enhancing 

neuroplasticity (Suliman et al., 2016). Donepezil is generally 

marketed under the trade name Aricept, is a medication used in the 

palliative treatment of Alzheimer's disease. Donepezil is used to 

improve cognition and behavior of people with Alzheimer's 

(Gauthier et al., 2002). Donepezil reversibly binds with the 

cholinesterases and cause their inactivation, thus inhibiting 

hydrolysis of acetylcholine. This increases acetylcholine 

concentrations at cholinergic synapses (Colovic et al., 2013). 

Alzheimer's disease is associated with a significant loss of the 

elements of the cholinergic system and it is generally accepted 

that the symptoms of Alzheimer's disease are related to this 

cholinergic deficit, mainly in the cerebral cortex and other 

parts of the brain. It is noted that the hippocampal formation 

plays an important role in the processes of control of attention, 

memory and learning. Just the severity of the loss of 

cholinergic neurons of the central nervous system (CNS) has 

been found to correlate with the severity of cognitive 

impairment. Donepezil is also reported to suppress high fat 

diet (HFD) induced neuroinflammation by attenuating 

microgial activation (Dasuri et al., 2016). 

Melatonin

Melatonin, which plays an important role in maintaining 

circadian rhythm, is also a highly potent endogenous free 

radical scavenger. Based on the ability of melatonin (N-acetyl-

5-methoxytryptamine) and its metabolites to scavenge a wide 

variety of free radicals (FR), it is not surprising to consider it 

as one of its important functions in living organisms leading to 

protect them from oxidative stress (Hardeland et al., 2005). 

This neurohormone act as a direct scavenger and remove free 

radicals, like singlet oxygen, superoxide anion radical, 

hydroxyl radical and the lipid peroxide radical. Moreover, a 

single melatonin molecule may generate products in a 

scavenger cascade, which may collectively eliminate up to ten 

FR (Tyagi et al., 2010). Melatonin can develop indirect 

antioxidant actions through the improvement of the 

mitochondrial efficiency, the stimulation of the gene 

expression and the activation of some of the most important 

antioxidant enzymes, including superoxide dismutase (SOD), 

catalase, glucose-6-phosphate dehydrogenase, glutathione 

reductase and glutathione peroxidase and also with the 

strengthening of the antioxidant effect of substances, like 

glutathione, vitamin E and vitamin C (Esposito et al., 2010).

Statins

Statins are 3-hydroxy-3-methylglutaryl-coenzyme (HMG-

CoA) reductase inhibitors, which reduce low-density 

lipoprotein (LDL) cholesterol levels by blocking the 

mevalonate pathway and increase LDL cholesterol receptor 

expression in the liver. Inhibition of HMG-CoA reductase 

activity in monocyte and rat mesangial cells treated with 

lipopolysaccharide (LPS) and granulocyte macrophage-colony 

stimulating factor reduced the production of cytokines like IL-

8, IL-6, and MCP-1 (Monocyte Chemotactic Protein-1), which 

are responsible for leukocyte recruitment at the site of infection. 

Statins are effective endothelium-protective agents that reduce 

leukocyte-endothelial cell interactions and improve the 

endothelial function via increasing endothelial nitric oxide 

synthase (eNOS) (Greenwood et al., 2007). Also, cerivastatin 
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administered intraperitoneally (i.p.) significantly improved the 

survival of mice with LPS-induced sepsis and reduced TNF-α, IL-

1β and IL-6 over production (Ando et al., 2000). 

Conclusion

A number of neurodenerative disease of aging like Parkinson's 

disease (PD), Alzheimer's disease (AD), amyotrophic lateral 

sclerosis, all of the tauopathies, and age-related macular 

degeneration is associated with chronic inflammation. Microglial 

cells act as a major type of active immune defence in the brain and 

are a part of the monocyte phagocytic system. Intensity of 

microglial activation is associated with the levels of different 

inflammatory mediators like prostaglandins, chemokines, 

proteases, protease inhibitors, adhesion molecules, and free 

radicals, produced by a variety of local cells. ROS induced 

oxidative stress play a major role in the pathogenesis of AD. 

Overproduction of ROS promotes the accumulation and 

deposition of Aβ in AD. Mitochondrial dysfunction can lead to 

ROS generation, reduced adenosine triphosphate (ATP), altered 
2+Ca  homeostasis, and excitotoxicity. All these alterations may be 

concerned with the disease progression.A number of animal 

experiments and clinical studies have recognised the role of 

neuroinflammatory mediators in the progression of 

neurodegenerative diseases. Though, the exact underlying 

mechanism involved in the disease progression is still unknown. 

Furthermore, the existing relationship between different in 

inflammatory pathways is still unclear. These drawbacks impede 

the improvement of disease modifying therapeutics. In addition, 

different types of microglia activation further increase the 

difficulty and complexity of manoeuvring of microglial responses 

in the disease pathogenesis. Future research must focus on 

identifying more precise drug targets through understanding the 

basic processes involved in inflammation at different levels of 

disease progression.

Future direction

Since ages, a number of plants have been used to treat cognitive 

disorders, including neurodegenerative diseases such as 

Alzheimer's disease (AD) and other memory related disorders. 

Since last few years, an intense interest in herbal medicines in 

which phytochemical constituents can have long-term health 

promoting or medicinal qualities. However, many medicinal 

plants are known to possess specific medicinal actions with no 

nutritional role in the human diet and may be used in response to 

specific health problems over short or long-term intervals. 

Vegetables and fruits contain a number of phytochemicals, which 

are believed to reduce the risk of several major diseases including 

cardiovascular diseases, cancers as well as neurodegenerative 

disorders. Hence people consuming higher vegetables and fruits 

are less vulnerable to diseases caused by neuronal dysfunction. 

Most of the drugs currently used in the treatment of AD are derived 

from the alkaloid class of plant phytochemicals (Wightman et al., 

2017). Such drugs like galantamine and rivastigmine 

attenuates the decline in the cholinergic system but are 

considered to occupy the dangerous end of the 

phytochemical spectrum and possess a number of side 

effects. A number of phytochemicals like benign terpene 

(Ginkgo biloba, Panax ginseng, Melissa officinalis and 

Salvia lavandulaefolia) and phenolic (such as resveratrol) are 

known to possess neuroprotective activity and research is 

going on to use them more efficiently as a therapeutic aid in 

cholinesterase inhibition, improving cerebral blood flow, free 

radical scavenging, anti-inflammation, inhibition of 

amyloid-β neurotoxicity in the treatment of AD.
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